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IhTRODUCTION 

The most 1mpor:anc s t e p s  i n  c o a l  l i q u e f a c t i o n  processes  a r e  t h e  d i s s o l u t i o n  
of coa l  in t h e  hydrogen-laden s o l v e n t  and t h e  subsequent  h y d r o t r e a t i n g  of t h e  
c o a l  der ived  l i q u i d .  A smal l  amount of methane is u s u a l l y  formed dur ing  c o a l  
l i q u e f a c t i o n .  Zhus hydrogen and methane s o l u b i l i t y  d a t a  a r e  e s s e n t i a l  f o r  t h e  
des ign  and o p e r a t i o n  of c o a l  l i q u e f a c t i o n  r e a c t o r s .  

A n m b e r  of i n v e s t i g a t o r s  s t u d i e d  vapor- l iquid e q u i l i b r i u m  i n  b inary  and 
multicomponent systems of eavy hydrocarbon l i q u l d s  and l i g h t  gases ,  inc luding  
hydrogen and Only l i m i t e d  experimental  d a t a  f o r  methane-oal 
l iquif5,9’fd hydrogen-coal l i q u i d  mixtures  have been repor ted  i n  t h e  l i t e r a -  
t u r e .  An a t tempt  w a s  made i n  t h i s  s tudy  t o  o b t a i n  s o l u b i l i t y  d a t a  in t h e  
b i n a r y  system of hydrogen-coal l i q u i d  (SRC-11) and t h e  t e r n a r y  system of 
hydrogen-methane-oal l i q u i d  (SRC-11) under c o n d i t i o n s  comparable t o  t h o s e  
encountered i n  c o a l  l i q u e f a c t i o n  processes .  Two s p e c i a l l y  designed i n - s i t u  
hydrogen probes were adopted f o r  monitor ing hydrogen c o n c e n t r a t i o n / p a r t i a l  
p r e s s u r e  i n  both vapor and l i q u i d  phase.  

EXPERIMENTAL 

The experimental  set-up and procedure i n  t h i s  s tudy  a r e  e s s e n t i a l l y  t h e  
same a s  t h a t  descr ibed  in previous  papers .  (‘:e’) A schemat ic  f l o w  diagram of  t h e  
equipment is shown i n  F igure  1. 

A o n e - l i t e r  au toc lave  was used as t h e  equi l ibr ium c e l l .  The au toc lave  i s  
made of s t a i n l e s s  s t e e l  and equipped with an  au tomat ic  temperature  c o n t r o l l e r  
capable  of maintaining cons tan t  temperature  w i t h i n  fl K of t h e  d e s i r e d  s e t t i n g .  
A magnatic s t i r r e r ,  d r i v e n  by a v a r i a b l e  speed motor ,  was i n s t a l l e d  i n  t h e  
a u t o c l a v e .  Two i n - s i t u  probes were used t o  measure t h e  hydrogen p a r t i a l  
p r e s s u r e .  (12)lhe o p e r a t i n g  p r i n c i p l e  of t h e s e  probes has  been d iscussed  
elsewhere.  

Hydrogen and methane were suppl ied  t o  t h e  equi l ibr ium c e l l  from high  
p r e s s u r e  cy l inders  through gas  feed  l i n e s .  Liquid and gas  samples can b e  
withdrawn from t h e  c e l l  i n t o  t h e  low p r e s s u r e  s e c t i o n .  A Hewlett-Packard 5880A 
chromatograph system was used  f o r  sample a n a l y s i s .  

High pressure  hydrogen ( 4 1  m a )  and methane (13 m a )  were used i n  t h i s  work 
wi th  repor ted  p u r i t y  of 99.995% and 99.0%, r e s p e c t i v e l y .  n te  SRC-I1 c o a l  l i q u i d  
( s u p p l i e d  by the Gulf R&D Co. c a t a l y t i c a l l y  hydro t rea t e d  with Ni-Moly 
c a t a l y s t  f o r  four  hours  a t  640°F.f7)was 
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RESULTS AND DISCUSSION ' Hydrogen-Coal Liquid Binary System. The hydrogen s o l u b i l i t y  d a t a  were obta ined  
by measuring hydrogen p a r t i a l  p r e s s u r e  (using t h e  i n - s i t u  probe)  and by t a k i n g  

4 t o  11 MF'a. Figure 2 shows t h e  hydrogen s o l u b i l i t y  a s  a f u n c t i o n  of t o t a l  
p ressure .  When t h e  t o t a l  p ressure  is held  c o n s t a n t ,  t h e  hydrogen s o l u b i l i t y  
i n c r e a s e s  wi th  temperature  t o  a maximum v a l u e  and t h e n  decreases .  'he reason  f o r  
t h i s  apparent  s o l u b i l i t y  i n v e r s i o n  is a t t r i b u t a b l e  t o  t h e  r a p i d  i n c r e a s e  of c o a l  
l i q u i d  p a r t i a l  p r e s s u r e  wi th  temperature ,  which c a u s e s  a s i g n i f i c a n t  d e c r e a s e  i n  
hydrogen p a r t i a l  p ressure  i n  t h e  gas  phase under cons tan t  t o t a l  p ressure .  It can  
be shown t h a t  t h e  hydrogen s o l u b i l i t y  i n c r e a s e s  monotomously w i t h  temperature if 
hydrogen p a r t i a l  p r e s s u r e  is held  c o n s t a n t  (F igure  3). I n  a d d i t i o n ,  hydrogen 
s o l u b i l i t y  d a t a  of t h  s t u d y  are  found t o  be  i n  good agreement wi th  t h e  r e s u l t s  
repor ted  by Lin e t  a l &  a t  temperatures  below 550 K. 

Hydrogen-Methane-Coal Liquid Ternary System. Experimental  measurements were made 
a t  two temperatures ,  591 K and 645 K, and a t  p r e s s u r e s  up t o  14 MF'a. I n  o r d e r  t o  
determine t h e  e f f e c t  of methane on hydrogen s o l u b i l i t y ,  methane p a r t i a l  p r e s s u r e  
was v a r i e d  from z e r o  t o  3.5 MF'a. 'he exper imenta l*resu l t s  a r e  p l o t t e d  i n  F igures  
4 and 5. Under cons tan t  hydrogen p a r t i a l  p r e s s u r e  and tempera ture ,  t h e  hydrogen 
s o l u b i l t y  decreases  d r a m a t i c a l l y  wi th  a n  i n c r e a s e  i n  methane p a r t i a l  p r e s s u r e .  
For  example, a t  645 K and c o n s t a n t  hydrogen p a r t i a l  p r e s s u r e  (9.52 MF'a), hydrogen 
concent ra t ion  i n  t h e  l i q u i d  phase f a l l s  from 0.136 t o  0.0387 mole f r a c t i o n  when 
methane p a r t i a l  p r e s s u r e  i n c r e a s e s  from z e r o  t o  3.0 ma. The methane s o l u b i l i t y  
v e r s u s  i t s  p a r t i a l  p r e s s u r e  is shown i n  F igures  6 and 7. 'he r e s u l t s  i n d i c a t e  a 
l i n e a r  r e l a t i o n s h i p  between methane s o l u b i l i t y  and i t s  p a r t i a l  p r e s s u r e  at 
c o n s t a n t  temperatures  and c o n s t a n t  hydrogen p a r t i a l  p r e s s u r e s .  A s t u d y  of  t h e  
effect  of hydrogen p a r t i a l  p r e s s u r e  on methane s o l u b i l i t y  is underway and t h e  
r e s u l t  w i l l  be presented  i n  a f u t u r e  paper .  

CONCLUSION 

I l i q u i d  samples a t  temperatures  ranging from 420 t o  681 K and t o t a l  p r e s s u r e s  from 

Hydrogen and methane s o l u b i l i t i e s  have been exper imenta l ly  obta ined  i n  t h e  
b i n a r y  hydrogen-oal l i q u i d  (SRC-11) and t e r n a r y  hydrogen-methane-coal l i q u i d  
(SRC-11) systems a t  e l e v a t e d  temperatures  and pressures .  I n  t h e  b inary  system, 
hydrogen s o l u b i l i t y  e x h i b i t s  a temperature  i n v e r s i o n  a t  c o n s t a n t  t o t a l  p r e s s u r e  
due t o  t h e  s t r o n g  dependence of c o a l  l i q u i d  p a r t i a l  p r e s s u r e  on temperature .  In  
t h e  te rnary  system, hydrogen s o l u b i l i t y  is a f f e c t e d  cons iderably  by methane 
p a r t i a l  p ressure  a t  c o n s t a n t  temperatures .  The methane s o l u b i l i t y  e x h i b i t s  a 
l i n e a r  c o r r e l a t i o n  wi th  i t s  p a r t i a l  p r e s s u r e  when hydrogen p a r t i a l  p r e s s u r e  is 
h e l d  cons tan t .  
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Figure 1 Schematic Diagram of the Experimental Set-up 
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Figure 2 Hydrogen Solubi l i ty  i n  SRC-I1  Coal Liquid VS. 
Temperature a t  Constant Total Pressure 
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Figure 3 Hydrogen Solubility in SRC-I1 
Coal Liquid VS. Temperature at 
Constant Hydrogen Partial Pressure 
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Figure 4 Hydrogen So lub i l i ty  i n  SRC-I1 Coal Liquid 
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Figure 5 Hydrogen So lub i l i ty  i n  SRC-I1 Coal Liquid 
VS.  Methane Part ia l  Pressure a t  645 K 
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